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Weak convergence of financial markets is well understood in the setting of complete markets.  
Indeed, convergence of option prices and gain processes is extensively studied in the 
literature. The most famous example of such a convergence is given by the convergence of  
the binomial model to the Black-Scholes model, when the time interval between trading dates 
shrinks to zero.  Both models are complete, and contingent claim payoffs can be perfectly 
replicated by a self-financing strategy. For this example, the convergence of the trading 
strategy for European and path dependent payoffs has recently been established. In a more 
general framework, the convergence of the trading strategies for European contingent claims 
when asset prices are martingales under the historical probability has also been shown.  
These results rely fundamentally on the Kunita Watanabe decomposition of martingales. 
 
In this paper our purpose is to extend these results provided in a complete market framework 
to the case of incomplete financial markets, when prices are no more martingales. In such an 
incomplete framework, we adopt the minimal martingale measure. This choice has the 
advantage to guarantee both the convergence of the option price processes and the existence  
of an explicit form of the trading strategy, the so-called locally risk-minimizing strategy.  
We prove the robustness of this locally risk-minimizing strategy under weak convergence.  
This complements ideally the results already known on the convergence of option prices in 
incomplete markets. 
 
The paper provides a review of the notion of a locally risk-minimizing strategy, and how this 
type of strategy can be characterized explicitly in discrete time and continuous time. The main 
result of the paper concerns the weak convergence of hedging strategies. The regularity of the 
semigroup of the stock price when it follows a Markov process will play a major role in its 
derivation. Several examples are proposed in the case of deterministic time intervals between 
trading dates when they shrink to zero. They are extracted from the financial modelling 
literature, and are developed in order to illustrate the main result.  They include the well 
known examples of trinomial trees and stochastic volatility models. We also give convergence 
results for random time intervals shrinking to zero. This covers the example of option pricing 
when dynamic portfolios are discretely rebalanced. The portfolio adjustments only occur then 
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Extra copies of research papers will be available to the public upon request.  In order to obtain copies of past or future works, please 
contact our office at the location below.  As well, please note that these works will be available on our website, www.fame.ch, under 
the heading "Research" in PDF format for your consultation.  We thank you for your continuing support and interest in FAME and 
look forward to serving you in the future. 
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Enhancing portfolio performance using option strategies: why beating the market is easy. 





   
 
 
International Center FAME - Partner Institutions 
 
 
The University of Geneva 
The University of Geneva, originally known as the Academy of Geneva, was founded in 1559 by Jean Calvin 
and Theodore de Beze.  In 1873, The Academy of Geneva became the University  of Geneva with the 
creation of a medical school.  The Faculty of Economic and Social Sciences was created in 1915.  The 
university is now composed of seven faculties of science; medicine; arts; law; economic and social sciences; 
psychology; education, and theology.  It also includes a school of translation and interpretation; an institute of 
architecture; seven interdisciplinary centers and six associated institutes. 
 
More than 13’000 students, the majority being foreigners, are enrolled in the various programs from the 
licence to high-level doctorates. A staff of more than 2’500 persons (professors, lecturers and assistants) is 
dedicated to the transmission and advancement of scientific knowledge through teaching as well as 
fundamental and applied research. The University of Geneva has been able to preserve the ancient European 
tradition of an academic community located in the heart of the city. This favors not only interaction between 
students, but also their integration in the population and in their participation of the particularly rich artistic and 
cultural life. http://www.unige.ch 
 
The University of Lausanne 
Founded as an academy in 1537, the University of Lausanne (UNIL) is a modern institution of higher 
education and advanced research.  Together with the neighboring Federal Polytechnic Institute of Lausanne, 
it comprises vast facilities and extends its influence beyond the city and the canton into regional, national, and 
international spheres. 
 
Lausanne is a comprehensive university composed of seven Schools and Faculties: religious studies; law; arts; 
social and political sciences; business; science and medicine. With its 9’000 students, it is a medium-sized 
institution able to foster contact between students and professors as well as to encourage interdisciplinary 
work. The five humanities faculties and the science faculty are situated on the shores of Lake Leman in the 
Dorigny plains, a magnificent area of forest and fields that may have inspired the landscape depicted in 
Brueghel the Elder's masterpiece, the Harvesters.  The institutes and various centers of the School of 
Medicine are grouped around the hospitals in the center of Lausanne. The Institute of Biochemistry is located 
in Epalinges, in the northern hills overlooking the city. http://www.unil.ch 
 
The Graduate Institute of International Studies 
The Graduate Institute of International Studies is a teaching and research institution devoted to the study of 
international relations at the graduate level. It was founded in 1927 by Professor William Rappard to 
contribute through scholarships to the experience of international co-operation which the establishment of the 
League of Nations in Geneva represented at that time. The Institute is a self-governing foundation closely 
connected with, but independent of, the University of Geneva. 
 
The Institute attempts to be both international and pluridisciplinary. The subjects in its curriculum, the 
composition of its teaching staff and the diversity of origin of its student body, confer upon it its international 
character.  Professors teaching at the Institute come from all regions of the world, and the approximately 650 
students arrive from some 60 different countries. Its international character is further emphasized by the use 
of both English and French as working languages. Its pluralistic approach - which draws upon the methods of  
economics, history, law, and political science  -reflects its aim to provide a broad approach and in-depth 
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